Abstract: This study describes the methodology used for designing a database of speech under real stress. Based on limits of existing stress databases, we used a communication task via a computer game to collect speech data. To validate the presence of stress, known psychophysiological indicators such as heart rate and electrodermal activity, as well as subjective self-assessment were used. This paper presents the data from first 5 speakers (3 men, 2 women) who participated in initial tests of the proposed design. In 4 out of 5 speakers increases in fundamental frequency and intensity of speech were registered. Similarly, in 4 out of 5 speakers heart rate was significantly increased during the task, when compared with reference measurement from before the task. These first results show that proposed design might be appropriate for building a speech under stress database. However, there are still considerations that need to be addressed.
INtrODUctION
Research in the field of speech processing is increasingly drawn to specific manifestations of speech such as speech under stress. This area of speech research is closely linked with psychology and physiology, which should answer the question, what is stress and how to identify it in speech. Our goal in this study is to establish methodology for creating a database of speech under real stress, which may be used in other experiments investigating speech under stress in future.
rESEArch Of StrESS IN SPEEch, ExIStING SPEEch DAtABASES
One of the most widely used speech databases in speech under stress is the SUSAS database -Speech Under Simulated and Actual Stress [1] , [2] . The database consists of four domains, encompassing a wide variety of stresses and emotions. It contains 32 speakers (13 female, 19 male), with ages ranging from 22 to 76 years who have made more than 16 000 utterances. SUSAS also contains several longer speech files from four Apache helicopter pilots and a common highly confusable vocabulary set of 35 aircraft communication words. Unfortunately, in carrying out acoustic analyses, researchers are limited by noisy channel and the 8 kHz sampling frequency. Speech database containing speech under stress with high quality recordings is the CRISIS database [3] . This database contains acted expressive speech from 15 speakers. Each speaker records a set of 150 sentences, each in different arousal level. Once in a neutral manner (referred to as level 1 of tense arousal), then with higher imperativeness, like a serious command or directive (level 2), and finally like an extremely urgent command or statement being declared in a situation when human lives are directly in danger (level 3). Even though high-quality recordings allow to perform a number of acoustic analyses [4] , [5] , database is a missing part with speech under realistic stress.
In our approach, we propose a method to obtain high-quality recordings of speech under real stress. One of the important questions, that needs to be answered first, is: What is stress and how it can be measured?
Definition of Stress
Proposing a scientific definition of stress is a difficult problem, in a large part, due to the term being too general and hardly usable in different contexts [6] . In the general sense, stress is a state in which internal integrity (or homeostasis) of an individual is challenged via external or internal means -called stressors [7] , [8] .
Stress results in a complex physiological reaction, which can be marked by changes in bodily systems, such as autonomic nervous system (ANS), endocrine and immune system [8] . Sympathetic branch of ANS becomes predominant during stress reaction, which leads to acceleration of heart rate (HR), secretion of noradrenaline and adrenaline, as well as inhibition of gastrointestinal function, changes in electrodermal activity (EDA) and many other physiological changes. All these bodily reactions serve as preparatory measures for behavioral reaction to stress and successful adaptation. Increased preparatory physiological activation, may be labelled by term "arousal" which is also used in context of emotions as a level of overall physiological activation.
Investigating stress biomarkers, such as heart rate, electrodermal changes, stress hormones, etc., are a large part of current stress research. On the other hand, speech changes in stress are not so well examined. Though, there are studies investigating speech changes, they differ in proposed understanding of stress and used methods and therefore yield different results.
Current research shows that speech changes that are a result of both involuntary bodily changes and voluntary effort, are also dependent on a particular type of stressor. Hansen [9] proposed a taxonomy of stressors and their impact on speech, based on the mechanism in which they perturbate speech process. Stressors were sorted to several categories such as: "zero order" -stressors with direct physical impact on speech (e.g. acceleration), "first order" -biological or chemical stressors (e.g. dehydration), "second order" which involves perception (e.g. Lombard effect) and "third order" -psychological, emotional and social stressors.
Besides a lot of research findings on stress detection from studies using acted stress, studies of real-life stress also show a detectable difference in speech. Lu et al. [10] obtained stress identification accuracy of 71.3% when comparing job interview with indoor neutral speech, and accuracy 82.9% when personalized model was used. Increased skin conductance level as an electrodermal stress related phenomenon was used to validate stress during job interview. Similarly, Luig, et al. [11] proposed heart rate and heart rate variability as relevant physiological correlates to speech analysis.
Presence of stress may be detected via physiological, but also from speech parameters. This study follows findings of prior research on analysis of speech under stress. Our aim is to develop a database of speech under realistic stress and to further validate it by using physiological indicators, such as heart rate and electrodermal activity.
for obtaining relevant data, we have chosen laboratory setting aiming to implement these issues: 1. It must induce a strong enough stress reaction, 2. Person under stress needs to speak as much as possible, 3. The setting must be relevant to real-life applications.
One of the problems with speech databases of real stress is that speakers may speak very little, or that utterances included in the database are too short to yield any notable results. Our previous work with acted stress enabled us to detect stress with high accuracy, however, conducting a study of realistic stress is necessary [3] . for these reasons the following design was proposed.
MEthOD

research Setting
Based on the mentioned aims, we decided to use a communication-based task, in which the research subject must give instructions on solving the task to their partner via microphone. In a setup like this, subject is forced to speak as much as possible, however, inducing a strong enough stress reaction is also essential. This was realized considering following stress factors: a) b) c) fig. 1 . Photo of a) research subject, b) researcher controlling the bomb on screen, c) bomb interface.
A) Task itself. for the purpose of data acquisition, we adapted a commercially available computer game "Keep talking and nobody explodes" [12] . The game itself is a moderate stress inducing task, in which two players dismantle a bomb composed of several modules, each representing a logical puzzle ( fig. 1c) . While one player sees the bomb on screen (in our case a member of research team, to provide standard conditions for all subjects) ( fig. 1b) , the other (a research subject) sees a manual with detailed instructions on solving individual puzzles ( fig. 1a) . Two players do not see each other and they communicate only via microphone.
B) Time pressure. The game itself has a countdown timer, which can be adjusted to the task. Subject in our task sees the timer and hears beeping sounds in the headphones. Time pressure of 10 min for solving entire bomb composed of 6 modules provides a very hard, yet solvable task.
C) Environmental factors. During the task, subject is sitting in recording studio with lights off, only using a table lamp. At random times during dismantling the bomb, subject is disturbed by a siren in the headphones. D) A reward and a set "best score." It is expected, that a research subject who solves the task has at least some degree of motivation to achieve a good result. for a task like this to become a stressor, it needs to be important and consequential to the subject. Therefore, we added incentives to enhance subjects' motivation. One incentive is financial reward. Subjects are instructed, that both they and their coplayer (to increase their feeling of responsibility) will receive reward depending on their performance. They are told, they both receive 10€ for dismantling a bomb successfully, if they fail, they receive 1€ for each successfully solved module (Entire testing consists of three consecutive bombs so the reward can go up to 30€). Second incentive is information, that if players break the record, which is set to 8 min for solving the bomb, their reward doubles (20€ for solving a bomb).
To meet the conditions for quality of the recording testing was realized in an acoustically treated recording studio. Recordings were obtained via head-mounted closetalk microphone Sennheiser ME3 and Emu Tracker Pre USB audio interface with 48 KHz sampling frequency and 16 bit resolution. Participants used high-quality closed headphones Sennheiser HD 650. Each speaker was recorded in separate channel.
Participants and Procedure
The first recorded sample of the speech database contains speech from five speakers in the Slovak language. Subject A: female, 47 years; subject B: male, 28 years; subject C: male, 29 years; subject D: male, 45 years; subject E: female, 47 years.
Participants were contacted with a request to participate in a communication experiment, in which their voice and psychophysiology (heart rate -HR and electrodermal activity -EDA) will be recorded. All subjects were informed of the research procedure and signed informed consent. first, subjects were given bomb manual to study for 20 minutes to become acquainted with the game mechanics. Before studying the manual subjects were told they will communicate with a coplayer, who is also a subject playing for the same reward. During debriefing after the test, subjects were explained, that the co-player was a member of research team, they could talk together and all subjects' questions about the research were answered.
The recording consisted of 10-minutes training game, which was realized using the same task with the experimenter in an easygoing manner. Training was used to collect reference values; stress factors were not present during training. Subsequently, three trials using the described procedure with the co-player were realized.
In this first test, the selection of speakers was not strictly limited of age and sex. Number of subjects in the research sample is only preliminary for initial tests of the research setting.
Analyzed Speech features
The fundamental frequency (f0) and intensity values are specific for neutral speech of each speaker. Changes in frequency and intensity of speech can point to changes in speaker's emotional state. In the first data analysis, we evaluated mean fundamental frequency and mean intensity of speech for each task (training, trial 1, trial 2, trial 3), which represent approximately 8 minutes of speech for each task. When analyzing such long period of time, impact of various phonetic content and non-speech events such as hesitations should not be significant.
Physiological Measures
Beat to beat heart rate signal was obtained from all test subjects using fAROS 90° ECG device ( fig. 2a) . Measurement of ECG was carried out using two electrodes, one positioned under right clavicle, the other on the left under ribs. Sampling rate for ECG was 250Hz, which is appropriate for high precision ECG and HR analysis. Though heart rate can be used as a reliable index of overall arousal and sympathetic activity, we may also calculate heart rate variability (HRV), which offers more information on autonomic nervous system influences of heart [11] , [13] .
Although Heart rate can be calculated from duration of single beat to beat interval, it is necessary to take HR changes during breathing cycle to consideration. Therefore, we analyzed 10s HR intervals, corresponding to events which occurred during data acquisition. On the other hand, heart rate variability measures can be reliably calculated only from longer segments of HR (at least 2-4 min) [13] .
Electrodermal activity (EDA) is another useful indicator in stress research, which was previously used as a reference measure in study of speech [10] . from possible electrodermal phenomena, we measured skin resistance (in kΩ) via Consensys, Shimmer device ( fig. 2b ). Both tonic, relatively stable skin resistance level and phasic, skin resistance responses can be further analyzed as stress indicators. This study will not include results from EDA analysis.
Subjective Stress Assessment
for assessment of subjective experience of stress and anxiety, we administered Slovak version of state anxiety inventory (STAI-x) [14] . STAI-x inventory is composed of 20 statements to which subjects answer on a 4-point scale. Test is used to describe an extent, to which a person feels anxiety at the given time. This inventory may be used for repeated measurements; we administered it before and after recording.
Moreover, after the recording, subjects also answered several standard questions regarding their motivation, feelings of stress and satisfaction with the achieved result.
rESULtS
Of all the subjects in the research sample, none could dismantle any of the given bombs in time, however two subjects were able to solve 5 of 6 modules before the bomb exploded. Data analysis showed differences in both speech features and heart rate. 4 of 5 speakers (except C) proved a significant increase of speaker's fundamental frequency in average of 14% (fig. 3) . figure 5 illustrates changes in HR during entire recording. It contains detailed analysis of 10s HR windows from the recording (data from subject "D" were chosen for illustration). Increases in HR during individual trials (dismantling of bomb 1, 2 & 3) may be observed in figure 5 . fig. 5 . Changes in HR during recording -differences between test and three trials (subject "D"). HR was sampled from 10s windows.
DIScUSSION
Speech Analysis and Physiological findings
The initial analysis of five obtained recordings of speech under real stress show that proposed design should be appropriate for data acquisition. Even though a significant increases of f0 and intensity were observed only in 4 out of 5 speakers, balanced values between the trials point out, that speech obtained by the proposed method in trials is acoustically different from speech obtained in training. To identify whether this acoustic difference was induced by stress, analysis of psychophysiological correlates of stress was performed. findings from heart rate clearly indicate increase of physiological distress during trials. Moreover, as showed in figure 5 , increases of HR peaked in the last moments before the bomb exploded. However, due to low number of subjects so far, we cannot statistically evaluate these differences for the whole sample.
It is also important to note, that heart rate differs between individuals in a large extent. factors such as age and sex must be taken into consideration when interpreting the HR data.
further Methodological Issues and considerations research Subjects.
In the following data collection using this design, it is important to test at least 20 subjects, all of which fall into one age category. Because of using a computer game as a task interface, young subjects (age 18-30) would be optimal. Secondly, if we want to compare men and women, larger sample with balanced groups will be necessary. It is important that test subjects are naive to the task before participating in the study. Design changes. In the first test, we needed to minimalize variables considered; therefore, we decided to use a member of the research team to stand in the role of coplayer. The main advantage of this setup is that every subject had similar conditions during the game as their co-player responded in a standard manner (as somebody who sees this task for the first time). Moreover, if the subject spoke very little, or the utterances were very short, co-player encouraged them with asking more questions about the task at hand. However, there is a possibility of using two groups of subjects for both player positions in the game. This alternative may be useful to collect more speech data, however, subjects from different player positions will hardly be comparable. Linguistic point of view. The speech in the database contained interesting linguistic, phonetic phenomena such as hesitations, repetitions, changes in speech rate, etc. High-quality stereo recordings allow us to perform precise analysis of overlapping speech patterns. If a design with real subjects on both player positions were used, the database might be a suitable for research on turn taking in speech.
In future, we plan to evaluate also other relevant acoustic features such as f0 maximum, intensity maximum, root mean square, spectral energy distribution etc., and also evaluate shorter speech segments, possibly related to annotated events during the game. A detailed phonetic annotation at the level of statements, words, phonemes will be carried out.
Other possible expansion of the database might be inclusion of another language, besides Slovak, if the prepared Slovak database yields good results in obtaining speech under stress.
